synthesis, because the formate esters serve as a useful synthetic reagent and intermediate [1] [2] [3] . Generally, esters are synthesized through the reaction of alcohols with carboxylic acids or acylating/formylating agents, or by transesterification [4] [5] [6] . Acylation of alcohols with anhydrides is one of the most routinely used transformations in organic synthesis. A variety of procedures using homogeneous or heterogeneous catalyst such as ferric perchlorate adsorbedon silica-gel 7 , Ce(OTf) 3 13 , p-toluenesulfonic acid 14 , alumina 15 have been reported for the acetylation of alcohols and phenols with acetic anhydride. Also a variety of procedures are routinely performed for the preparation of formyl derivatives including homogeneous or heterogeneous catalyst (16) (17) (18) (19) (20) (21) (22) . However, in most cases these procedures suffer from one or more disadvantages such as stringent conditions, formation of undesirable or toxic by-products, hygroscopicity of the reagents, elevated reaction temperatures, longer reaction times, low yields of the desired products and expensive reagents. Thus there is a need for a mild, neutral and catalytically efficient alternative for the protection of hydroxyl groups as acetyl and formyl derivatives.
MATERIAL AND METHODS
Chemicals were purchased from Fluka, Merck and Aldrich Chemical Companies and were used as received, without further purification.
Preparation of tribromoisocyanuric acid (TBCA)
The cyanuric acid (5g, 38.5 mmol) was dissolved in a slight molar excess of chilled aqueous NaOH solution (3 M) at room temperature and the solution was transferred to a beaker. A solution of Br 2 (3 mL, 58.4 mmol) in CCl 4 (6 mL) was added dropwise to the reaction mixture with vigorous stirring at 0 °C. Immediately, an orange precipitate was formed. The resulting solid was isolated by a filtration and washed several times with cold distilled water and then, it was dried in a vacuum desiccator at room temperature for 18 h. Finally, an orange pale crystalline solid, tribromoisocyanuric acid, was obtained quantitatively.
Acetylation of benzyl alcohol using acetic anhydride catalyzed by tribromoisocyanuric acid
To a mixture of the benzyl alcohol (1 mmol) and acetic anhydride (3 mmol); 0.074 g tribromoisocyanuric acid (0.2 mmol) was added. The reaction mixture was stirred at room temperature for 12 min. After completion of the reaction (TLC), dichloromethane (10 mL) was added to the reaction mixture and filtered. The product was extracted with H 2 O (3×10 mL), and the organic layer was dried over anhydrous Na 2 SO 4 salt. Then solvent was evaporated to dryness to afford the pure product.
Formylation of benzyl alcohol using formic acid catalyzed by tribromoisocyanuric acid
To a mixture of the benzyl alcohol (1 mmol) and formic acid (3 mmol); 0.1 g tribromoisocyanuric acid (0.3 mmol) was added. The reaction mixture was stirred at room temperature for 5 min. After completion of the reaction (TLC), dichloromethane (10 mL) was added to the reaction mixture and filtered. The product was extracted with H 2 O (3×10 mL), and the organic layer was dried over anhydrous Na 2 SO 4 salt. Evaporation of the solvent under reduced pressure to give the almost pure product.
RESULT AND DISCUSSION
In continuation of our studies on catalytic application of N-halo compounds as organocatalyst in organic chemistry (23-26), we decided to report the catalytic application of tribromoisocyanuric acid( Figure 1 ) as a source of Br + for the efficient acetylation and formylation of a wide range of hydroxyl compounds under mild and solvent-free conditions(Scheme 1).
Initially, in order to find optimal conditions, we first examined acetylation reactions of 1 mmol of benzyl alcohol with different amounts of TBCA (0.05-0.2 mmol) and Ac 2 O (1-3 mmol) at room temperature under solvent-free conditions. It was observed that 0.2 mmol of TBCA in 3 mmol of Ac 2 O gave the best results and produced acetate in very short reaction time and in quantitative yields.
The acetylation results under the optimized reaction conditions are shown in Table 1 . The data in Table 1 clearly shows that primary and secondary alcohols and phenols were successfully converted to the corresponding acetate in short time and in almost quantitative yields. Primary and secondary benzylic alcohols with electron-releasing and electron-withdrawing groups were acetylated in the presence of TBCA and the corresponding acetate compounds were obtained in good to high yields (Table 1 , entries 2-9). Also various phenols (Table 1 , entries 10-15) and secondary cyclic alcohols (Table 1, entries [16] [17] [18] were successfully converted to the corresponding acetate in short time and in almost quantitative yields.
Subsequently, we discovered that formylation of a diverse range of alcohols can be carried out to obtain the corresponding formate with formic acid in the presence of the same catalyst in good to high yields under solvent-free conditions at room temperature ( Table 2 ). As shown in Table 2 , a series of structurally diverse alcohols including primary (benzylic, aliphatic) and secondary (benzylic, aliphatic, cyclic) were successfully converted to the corresponding acetate in short time and in almost quantitative yields.
The influence of electron-donating and electron-withdrawing substituents at aromatic ring of alcohols is so notable. The alcohols with the electron-donating substituents on the aromatic ring (Table 1, entries 2-4 and Table 2 , entries 2,3) increase the reaction rate but the alcohols with the electron-withdrawing substituents on the aromatic ring (Table 1, entries 5-8 and Table 2 , entries 5-9) decrease the reaction rate in the both acetylation and formylation reactions.
